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CONTROL DEVICE FOR FUEL CELL 
SYSTEM AND RELATED METHOD 

TECHNICAL FIELD 

The present invention relates to a control device for a fuel 
cell system and a related method and, more particularly, to 
a control device for a fuel cell system and its related method, 
Wherein electric poWer generated by a fuel cell stack 
installed in a vehicle is supplied to a motor to generate drive 
poWer, for removing Water stayed in the fuel cell stack. 

BACKGROUND ART 

With fuel cell systems, in order for a fuel cell stack to 
initiate electric poWer generating reaction, a probability 
arises in Which, due to Water being required as medium for 
causing ion transfer through an ion-exchange ?lm, fuel gas 
and oxidizing gas are supplied under a moistened condition. 

With such a fuel cell system, ideally, it is desired for fuel 
gas and oxidizing gas to prevail under moisture of 100% 
With no occurrence of excessive Water. HoWever, in an 
actual practice, oWing to an excessive amount of moistening 
Water or resulting Water accompanied by electric poWer 
generating operation of the fuel cell stack, it is highly 
probable for moisture to excessively prevail in a gas ?oW 
passage inside the fuel cell stack. As the amount of moisture 
occurring in the gas ?oW passage increases, a dif?culty is 
encountered for gas to permeate through the ion-exchange 
?lm, causing a decrease in a cell voltage With deterioration 
being caused in an electric poWer generating ef?ciency of 
the fuel cell stack. 

Japanese Patent Application Laid-Open Publication No. 
2001 -307757 discloses a structure Wherein, When a minimal 
cell voltage is excessively loWered With respect to an 
average unit cell poWer output amount of a fuel cell stack, 
the discrimination is made that an excessively increased 
amount of moisture prevails in a gas ?oW passage of the fuel 
cell stack, thereby executing purging of fuel gas through the 
use of a purge valve connected in communication With the 
fuel cell stack. 

Further, With the fuel cell system, although the fuel cell 
stack generates the electric poWer output accompanied by 
generation of heat, since an operating temperature for 
enabling a solid polymer ?lm to ef?ciently generate electric 
poWer should prevail in a limited range, the fuel cell stack 
should be kept Within a given temperature range by permit 
ting coolant to How through the fuel cell stack. Here, When 
considering the occurrence of the greatest increase in the gas 
temperature Within the fuel cell stack, in order to loWer the 
gas temperature, a coolant ?oW passage is required to be 
located in an area possibly closest to the gas ?oW passage to 
alloW coolant to How near the gas stream. To this end, a 
structure may be provided that alloWs fuel gas and coolant 
to How in adjacent ?oW paths separated from one another via 
a porous ?lm. 

Furthermore, With the fuel cell system, in a case Where the 
fuel cell stack is installed on an automobile, there are many 
probabilities in that coolant is cooled With a Wind stream 
passing through a radiator located in front of the vehicle and 
supplied to the fuel cell stack. 

DISCLOSURE OF INVENTION 

Further, upon studies conducted by the present inventor, 
With the fuel cell system, although the fuel cell stack 
generates the electric poWer output accompanied by genera 
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2 
tion of heat, since an operating temperature for enabling a 
solid polymer ?lm to ef?ciently generate electric poWer 
should prevail in a limited range, the fuel cell stack should 
be kept Within a given temperature range by permitting 
coolant to How through the fuel cell stack. Here, When 
considering the occurrence of the greatest increase in the gas 
temperature Within the fuel cell stack, in order to loWer the 
gas temperature, a coolant ?oW passage is required to be 
located in an area possibly closest to the gas ?oW passage to 
alloW coolant to How near the gas stream. To this end, a 
structure may be provided that alloWs fuel gas and coolant 
to How in adjacent the How paths separated from one another 
via a porous ?lm. 

Furthermore, With the fuel cell system, in a case Where the 
fuel cell stack is installed on an automobile, there are many 
probabilities in that coolant is cooled With a Wind stream 
passing through a radiator located in front of the vehicle and 
supplied to the fuel cell stack. 

HoWever, upon studies conducted by the present inventor, 
as the fuel cell poWered vehicle continuously travels on a 
high-Way road, because of continuing increased amount of 
electric poWer output generated by the fuel cell stack, it is 
probable for the coolant temperature to build up at a high 
temperature. If the vehicle shifts from a traveling condition, 
in Which the coolant temperature remains at a high level, to 
a cruising traveling condition, it is conceivable that the fuel 
cell stack decreases the amount of electric poWer output, 
accompanied by reduction in the heat value and the coolant 
temperature rapidly drops. Especially, in a case Where the 
vehicle speed is high, since the Wind stream passing through 
the radiator increases, it is highly probable for the coolant 
temperature to rapidly drop. 
Under such circumstances, it is conceived that rapid 

temperature drop occurs in gas ?oWing through the gas ?oW 
passage inside the fuel cell stack to cause steam in the gas 
stream delivered to the fuel cell stack to be condensed in a 
large amount to form liquid Water Which in turn ?oWs into 
the fuel cell stack. In such case, it is conceived that the 
existence of liquid Water entering the gas ?oW passage 
blocks gas to permeate through the ion-exchange ?lm to 
cause rapid deterioration in the electric poWer generating 
ef?ciency, and a probability occurs in Which even if the 
purging of fuel gas takes place, it is hard to restore the 
electric poWer generation efficiency of the fuel cell stack. 
The present invention has been made based on the studies 

stated above and has an object to provide a control device for 
a fuel cell system and its related method, Wherein, even 
When a temperature of gas to be supplied to a fuel cell stack 
rapidly drops, it is possible to prevent an electric poWer 
generating ef?ciency from being deteriorated. 

To achieve the above object, in one aspect of the present 
invention, there is provided a control device for a fuel cell 
system having a fuel cell stack With an oxidiZing electrode 
supplied With oxidiZing gas and a fuel electrode supplied 
With fuel gas to generate an electric poWer, the control 
device comprising: an estimating section estimating occur 
rence of a Water-clogging phenomenon Wherein condensed 
Water stays in a fuel gas ?oW passage through Which fuel gas 
is supplied to a fuel electrode of a fuel cell stack; and a 
control section controlling a fuel gas exhaust valve, Which is 
disposed doWnstream of the fuel cell stack to alloW the fuel 
gas to be exhausted from the fuel cell stack, to be brought 
into an open condition in a case that the estimating section 
estimates the occurrence of the Water-clogging phenom 
enon. 

Stated another Way, in another aspect of the present 
invention, there is provided a control device for a fuel cell 
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system having a fuel cell stack with an oxidizing electrode 
supplied with oxidizing gas and a fuel electrode supplied 
with fuel gas to generate an electric power, the control 
device comprising: estimating means for estimating occur 
rence of a water-clogging phenomenon wherein condensed 
water stays in a fuel gas ?ow passage through which fuel gas 
is supplied to a fuel electrode of a fuel cell stack; and control 
means for controlling a fuel gas exhaust valve, which is 
disposed downstream of the fuel cell stack to allow the fuel 
gas to be exhausted from the fuel cell stack, to be brought 
into an open condition in a case that the estimating means 
estimates the occurrence of the water-clogging phenom 
enon. 

In the meantime, in another aspect of the present inven 
tion, there is provided a control method for a fuel cell system 
having a fuel cell stack with an oxidiZing electrode supplied 
with oxidiZing gas and a fuel electrode supplied with fuel 
gas to generate an electric power, the control method com 
prising: estimating occurrence of a water-clogging phenom 
enon wherein condensed water stays in a fuel gas ?ow 
passage through which fuel gas is supplied to a fuel elec 
trode of a fuel cell stack; and controlling a fuel gas exhaust 
valve, which is disposed downstream of the fuel cell stack 
to allow the fuel gas to be exhausted from the fuel cell stack, 
to be brought into an open condition in a case that the 
occurrence of the water-clogging phenomenon is estimated. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram illustrating a structure of a fuel 
cell powered vehicle having a fuel cell system of a ?rst 
embodiment according to the present invention; 

FIG. 2 is a block diagram for illustrating a functional 
structure of the fuel cell system of the present embodiment; 

FIG. 3 is a block diagram illustrating a concrete structure 
of the fuel cell system of the present embodiment; 

FIG. 4 is a ?owchart illustrating an operational sequence 
of fuel gas exhaust valve control operation to be performed 
by the fuel cell system of the present embodiment; 

FIG. 5A is a timing chart related to an electric power 
output of a fuel cell stack for illustrating fuel gas exhaust 
valve control operation of the fuel cell system, with the 
abscissa representing time t while the ordinate represents the 
electric power output Pw_STACK of the fuel cell stack in 
the present embodiment; 

FIG. 5B is a timing chart related to a coolant temperature, 
with the abscissa representing time t while the ordinate 
represents the coolant temperature T_LLC of the fuel cell 
stack in the present embodiment; 

FIG. 5C is a timing chart related to a vehicle speed, with 
the abscissa representing time t while the ordinate represents 
the vehicle speed VSP in the present embodiment; 

FIG. 5D is a timing chart related to a minimal cell voltage, 
with the abscissa representing time t while the ordinate 
represents the minimal cell voltage VC in the present 
embodiment; 

FIG. SE is a timing chart related to an operation of a fuel 
gas exhaust valve, with the abscissa representing time t 
while the ordinate represents an opened and closed condition 
of the fuel gas exhaust valve of the fuel cell system of the 
present embodiment; 

FIG. 6 is a block diagram illustrating a functional struc 
ture of a fuel cell system of a second embodiment according 
to the present invention; 

FIG. 7 is a ?owchart illustrating an operational sequence 
of fuel gas exhaust valve control operation to be performed 
by the fuel cell system of the present embodiment; 
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4 
FIG. 8 is a view for illustrating map data that varies a 

water-clogging occurrence estimation ?ag depending on the 
coolant temperature in terms of an atmospheric air tempera 
ture and a vehicle speed, with the abscissa representing the 
vehicle speed VSP while the ordinate represents the coolant 
temperature T_LLC in the present embodiment; 

FIG. 9 is a block diagram illustrating a functional struc 
ture of a fuel cell system of a third embodiment according 
to the present invention; 

FIG. 10 is a ?owchart illustrating an operational sequence 
of fuel gas exhaust valve control operation to be performed 
by the fuel cell system of the present embodiment; 

FIG. 11 is a ?owchart illustrating an operational sequence 
of fuel gas exhaust valve control operation to be performed 
by a fuel cell system of a fourth embodiment according to 
the present invention; 

FIG. 12 is a ?owchart illustrating an operational sequence 
of fuel gas exhaust valve control operation to be performed 
by a fuel cell system of a ?fth embodiment according to the 
present invention; 

FIG. 13 is a block diagram illustrating a structure of a fuel 
cell system according to a sixth embodiment according to 
the present invention; 

FIG. 14 is a ?owchart illustrating an operational sequence 
of the fuel gas exhaust valve control operation in the present 
embodiment; 

FIG. 15 is a view for illustrating map data describing 
variations in target drive power depending on the vehicle 
speed and an accelerator’s incremental displacement value, 
with the abscissa representing the vehicle speed VSP while 
the ordinate represents the target drive power tT_drive in the 
present embodiment; 

FIG. 16 is a view for illustrating map data describing 
variations in target total electric power depending on the 
vehicle speed and the target drive power, with the abscissa 
representing the vehicle speed VSP while the ordinate 
represents the target total electric power tP_total in the 
present embodiment; and 

FIG. 17 is a view for illustrating map data describing 
variation in a target total electric power/target total electric 
power in terms of SOC and variation in a stack electric 
power generation amount/target total electric power in terms 
of SOC, with the abscissa representing the SOC while the 
left ordinate represents the stack power generation amount 
tP_stack/target total electric power tP_total and the right 
ordinate represents a battery power supply amount tP_bat 
tery/target total electric power tP_total in the present 
embodiment. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, a control device of a fuel cell system and its 
related method of each embodiment according to the present 
invention are described in detail with suitable reference to 
the accompanying drawings. 

First Embodiment 

A control device for a fuel cell system and its related 
method of a ?rst embodiment according to the present 
invention are described in detail with reference to FIGS. 1 
to SE. 

First, a structure of a fuel cell powered vehicle having the 
fuel cell system of the presently ?led embodiment is 
described with reference to FIGS. 1 and 2. 
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Structure of Fuel Cell Powered Vehicle 
FIG. 1 is a block diagram illustrating a structure of a fuel 

cell powered vehicle having a fuel cell system according to 
the presently ?led embodiment. 
As shoWn in FIG. 1, the fuel cell system 2 of the presently 

?led embodiment is shoWn as installed on a fuel cell 
poWered vehicle 1. 

The fuel cell poWered vehicle 1 uses an electric poWer 
supply that utilizes an electric poWer output generated by the 
fuel cell system 2 and has an electric motor 3 adapted to be 
supplied With the electric poWer output generated by the fuel 
cell system 2, With drive poWer of the electric motor 3 being 
transmitted through a drive poWer line D to Wheels WH to 
travel. During traveling, the fuel cell poWered vehicle 1 
draWs a traveling Wind stream W from a vehicle front FR 
into a radiator 4 located in a front of a vehicle body B to cool 
coolant that circulates betWeen a fuel cell stack 11, inside the 
fuel cell system 2, and the radiator 4. During an electric 
poWer generating operation of the fuel cell system 2, the fuel 
cell poWered vehicle 1 drives a pump 5 Which in turn alloWs 
the coolant, cooled by the radiator 4, to be circulated through 
a delivery pipe L. 

FIG. 2 is a block diagram for illustrating a functional 
structure of the fuel cell system of the presently ?led 
embodiment. 
As shoWn in FIG. 2, the fuel cell system 2 of the fuel cell 

poWered vehicle 1 includes a fuel cell stack 11, Which is 
constructed of a plurality of stacks each of Which includes a 
fuel electrode 11a and an oxidizing electrode 11b betWeen 
Which an electrolyte 11c composed of a polymer ?lm is 
sandWiched, Wherein fuel gas is supplied to the fuel elec 
trode 11a and oxidizing gas is supplied to the oxidizing 
electrode 11b for thereby generating an electric poWer 
output. In the presently ?led embodiment, typically, hydro 
gen gas is supplied to the fuel cell stack 11 as fuel gas While 
air is supplied thereto as oxidizing gas. 

During traveling of the fuel cell poWered vehicle 1, With 
the fuel cell system 2, the fuel electrode 11a and the 
oxidizing electrode 11b of the fuel cell stack 11 are supplied 
With the hydrogen and the air, respectively. When this takes 
place, the fuel cell system 2 alloWs a coolant temperature 
detecting section 12 to detect the temperature of the coolant 
circulating betWeen the radiator 4 and the fuel cell stack 11, 
and a coolant-clogging estimating section 13 estimates a 
probability of an occurrence of a coolant-clogging phenom 
enon in the fuel cell stack 11 based on resulting coolant 
temperature. If the coolant-clogging estimating section 13 
estimates the occurrence of the coolant-clogging phenom 
enon, a fuel gas exhaust control section 14 operates to render 
a fuel gas exhaust valve 15 to be brought into an open 
condition so as to alloW condensed Water to be exhausted to 
the outside from a fuel gas ?oW passage inside the fuel cell 
stack 11. 

Next, a concrete structure of the fuel cell system 2 of the 
presently ?led embodiment is described With reference to 
FIG. 3. Also, While the presently ?led embodiment is herein 
described in connection With an example in Which the 
hydrogen is directly reserved as fuel gas, it is of course not 
objectionable to employ an alternative system Wherein 
hydrogen is obtained by reforming fuel. 

Concrete Structure of Fuel Cell System 
FIG. 3 is a block diagram illustrating a concrete structure 

of the fuel cell system of the presently ?led embodiment. 
In FIG. 3, the fuel cell system 2 alloWs the hydrogen gas 

to be supplied to the fuel electrode 11a of the fuel cell stack 
11, Which is constructed of the plurality of stacks each of 
Which includes the fuel electrode 11a and the oxidizing 
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6 
electrode 11b betWeen Which the electrolyte 110 (see FIG. 2) 
composed of a polymer ?lm is sandWiched, While permitting 
the hydrogen gas to be supplied to the fuel electrode 11a and 
the air to be supplied to the oxidizing electrode 11b, causing 
the fuel cell stack 11 to generate the electric poWer output. 
The fuel cell stack 11 is internally provided With a hydrogen 
gas ?oW passage, an air ?oW passage and a coolant ?oW 
passage, either of Which is herein not shoWn. 
The hydrogen gas is compressed and stored in a hydrogen 

storage tank 21 under a high pressure. 
During electric poWer generating operation of the fuel cell 

stack 11, the hydrogen gas stored in the hydrogen storage 
tank 21 is suitably adjusted and reduced in gas pressure by 
a hydrogen pressure regulating valve 22 and, thereafter, 
supplied to a hydrogen gas conduit HL in communication 
With the fuel cell stack 11. Also, While the presently ?led 
embodiment has been shoWn in conjunction With a structure 
Where the hydrogen storage tank 21 and the hydrogen 
pressure regulating valve 22 are in direct communication 
With the fuel cell stack 11, it may of course be altered such 
that a separate valve for further reduction in gas pressure is 
located in a midcourse leading to the fuel cell stack 11. 

Here, during transfer of the hydrogen gas toWard the fuel 
cell stack 11, the hydrogen gas is supplied to an ejector 
circulation unit 23 located in the circulation pipe line HL. 
The ejector circulation unit 23 serves to mix the hydrogen 
gas, Which is delivered from the hydrogen gas storage tank 
21, and the hydrogen gas, Which is exhausted from the fuel 
cell stack 11 Without being consumed, and supply resulting 
mixed gas to the fuel cell stack 11. 

Subsequently, the hydrogen gas, Which is fed from the 
ejector circulation unit 23 to the fuel cell stack 11, flows 
through a Water collection unit 24 by Which moisture 
contained in the hydrogen gas is recovered. Here, although 
there are many probabilities Where steam contained in the 
hydrogen gas is condensed by radiation heat cooling of the 
pipe line HL extending betWeen the ejector circulation unit 
23 and the fuel cell stack 11 into the moisture, the hydrogen 
gas and the moisture in the hydrogen gas are completely 
separated by the Water collection unit 24 disposed in front of 
an inlet of the fuel cell stack 11 to remove the moisture from 
the hydrogen gas, Which in turn is supplied to the fuel cell 
stack 11. 

Then, With the fuel cell stack 11, the fuel electrode 11a 
consumes the hydrogen gas supplied With no moisture 
content, and residual hydrogen gas, Which is not consumed, 
is delivered to the ejector circulation unit 23. 

Here, disposed in a circulation pipe line HL' betWeen a 
hydrogen exhaust side of the fuel cell stack 11 and the 
ejector circulation unit 23 is a condensed Water collection 
unit 25 by Which condensed Water is collected from the 
hydrogen gas. 

Further, disposed at the hydrogen exhaust side of the fuel 
cell stack 11 is a hydrogen gas exhaust valve 26 that is 
comprised of an opening and closing valve. The hydrogen 
gas exhaust valve 26 is brought into an open condition in a 
situation Where, due to rapid drop in the electric poWer 
output demanded to the fuel cell stack 11 or When operation 
of the fuel cell stack 11 is interrupted, a difficulty is 
encountered in consuming the hydrogen gas prevailing in 
the circulation pipe lines HL, HL'. As a result, the hydrogen 
gas exhaust valve 26 discharges the hydrogen gas, Which 
prevails in the circulation pipe lines HL, HL' and can not be 
consumed, to the outside. Additionally, although it is pref 
erable for the hydrogen gas exhaust valve 26 to be preferably 
comprised of an opening and closing valve With a vieW to 
achieving a simplicity of control, it may of course be 
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possible to use a How rate and pressure regulating valve of 
Which opening is controllable. Also, this hydrogen gas 
exhaust valve 26 corresponds to the fuel gas exhaust valve 
15 in FIG. 2. 

In the meantime, during electric poWer generating opera 
tion of the fuel cell stack 11, the fuel cell system 2 draWs 
atmospheric air by means of an air compressor 27 to be 
delivered to the fuel cell stack 11. 

Here, the air compressed by the air compressor 27 is 
raised at a high temperature and, in order to alloW the fuel 
cell stack 11 to ef?ciently react, the air is cooled by an air 
cooler 28 disposed at an air inlet of the fuel cell stack 11. 

In addition, although residual air gas, resulting from the 
air Whose oxygen is consumed by the oxidiZing electrode 
11b of the fuel cell stack 11, contains the moisture resulting 
from reaction taking place inside the fuel cell stack 11 and 
condensed therein, resulting moisture is collected by a Water 
collection unit 29 and, thereafter, resulting air gas is expelled 
to the atmosphere through an air pressure regulating valve 
30 that is disposed at an air exhaust side of the fuel cell stack 
11. Here, the air pressure is controlled by adjusting the 
opening degree of the air pressure regulating valve 30. Also, 
disposed at the air exhaust side of the fuel cell stack 11 is an 
air purge valve 31. The air purge valve 31 is arranged to 
remain in an open state during removal of condensed Water 
from the oxidiZing electrode 11b. 

Further, the coolant for cooling the fuel cell stack 11 and 
adjusting temperature thereof may include ethylene glycol 
With an increased boiling temperature. This coolant is fed to 
a circulation line RL by a pump 32 and is fed to the fuel cell 
stack 11 through a temperature controller 33 that operates in 
cooperation With the radiator and a fan to maintain the 
temperature at an approximately ?xed level. 

Then, the coolant achieves heat-exchange in the fuel cell 
stack 11 to cool the fuel cell stack 11 for adjusting the 
temperature thereof. When this takes place, operation of the 
temperature controller 33 is controlled in response to the 
coolant temperature detected by the coolant temperature 
sensor 34 disposed at the coolant inlet side of the fuel cell 
stack 11. Also, it is to be noted that the pump 32 corresponds 
to the pump 5 shoWn in FIG. 1 and the coolant temperature 
sensor 34 corresponds to the coolant temperature detecting 
unit 12 shoWn in FIG. 2, and the temperature controller 33 
includes the radiator 4 shoWn in FIG. 1. 

Here, the coolant pressure is regulated to be maintained at 
the substantially same level With respect to the hydrogen gas 
pressure and the air pressure substantially made equal to one 
another and respectively varying depending on an output 
voltage of the fuel cell stack 11, While controlling the 
discharge ?oW rate of the pump 32. 

Here, the hydrogen gas pressure and the air pressure are 
regulated to prevail at substantially equal levels, respec 
tively, in the fuel cell stack 11 Wherein controlling the 
discharge ?oW rate of the pump 32 causes the coolant 
pressure to vary depending on an output voltage of the fuel 
cell stack 11. 

Also, While the presently ?led embodiment has been 
described With reference to the structure Wherein the coolant 
pressure is controlled at the same time that the discharge 
?oW rate of the pump 32 is controlled, it may be altered such 
that an ori?ce valve is disposed in the coolant ?oW passage 
for thereby controlling the coolant pressure in a more ?nely 
fashion. 

Subsequently, the coolant, Which is heated up during 
electric poWer generating operation of the fuel cell stack 11, 
is returned to a reservoir tank 35 prior to being returned to 
the pump 32. This results in a function to absorb rapid 
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pressure variation such as Water hammer phenomenon or to 
play a role as an accumulator for the How rate of the pump 
32. 

During electric poWer generating operation of the fuel cell 
stack 11, such a fuel cell control system 2 is operative to 
cause a control unit 36 to output a control signal C1 for 
adjusting the opening degree of the hydrogen pressure 
regulating valve 22, a control signal C2 for adjusting the 
amount of displacement of the compressor 27, a control 
signal C3 for adjusting the opening degree of the air pressure 
regulating valve 30, a control signal C4 for adjusting the 
amount of displacement of the pump 32, and a control signal 
C5 for adjusting the amount of displacement of the tem 
perature controller 33. 

Further, the control unit 36 reads in the sensor signal SG1 
delivered from the coolant temperature sensor 34 and esti 
mates the occurrence of the Water-clogging phenomenon of 
the fuel cell stack 11 to output a control signal C6 to the 
hydrogen gas exhaust valve 26 to execute fuel gas exhaust 
valve control operation for controllably opening and closing 
the hydrogen gas exhaust valve 26. Also, it is to be noted that 
the control unit 36 includes the Water-clogging estimating 
section 13 and the fuel gas exhaust control section 14, shoWn 
in FIG. 2, Which form a functional block of the control unit 
36. 

Further, during an air purge mode of the fuel cell stack 11, 
the control unit 36 is operative to output the control signal 
C7 to the air purge valve 31 for opening the air purge valve 
31. 

Next, fuel gas exhaust valve controlling operation of the 
fuel cell system 2 of the presently ?led embodiment is 
described With reference to FIGS. 4 and 5. 

Fuel Gas Exhaust Valve Control Operation 
FIG. 4 is a ?owchart illustrating an operational sequence 

of fuel gas exhaust valve control operation to be executed by 
the fuel cell system according to the present invention. Also, 
fuel gas exhaust valve control operation of the fuel cell 
system 2 is executed for a given time interval, i.e., an equal 
time interval (such as each 10 msec) using a timer (not 
shoWn) internally provided in the control unit 36. 

In FIG. 4, ?rst, the control unit 36 reads in the sensor 
signal SG1 delivered from the coolant temperature sensor 34 
(the coolant temperature detecting section 12) in step S1 and 
detects the coolant temperature T_LLC Whereupon opera 
tion is routed to step S2. 

In consecutive step S2, the discrimination is made to see 
Whether current fuel gas exhaust valve control operation 
corresponds to the ?rst calculation after the fuel cell system 
2 is started up, Whereupon, When discriminated that no such 
a ?rst calculation is involved, the How is routed to step S3, 
Whereas When discriminated that the ?rst calculation is 
involved, the How proceeds to step S4. Here, the control unit 
36 is arranged such that, immediately after starting up the 
fuel cell system 2, the calculating operation discriminating 
?ag is initialiZed to “0 (Zero)” and, after the fuel cell system 
2 has been started up, the calculating operation discriminat 
ing ?ag is set equal to 1" such that referring to the ?ag 
enables the discrimination in step S2. 

In succeeding step S3, calculation is implemented to see 
a differential component betWeen the coolant temperature 
T_LLC, currently detected in step S1, and the coolant 
temperature T_LLCold, detected in preceding operation for 
obtaining a coolant temperature drop value AT (i.e. 
AT:T_LLC—T_LLCold) Whereupon the How proceeds to 
step S5. Here, in case of current coolant temperature T_LLC 




















